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Objectives: To study the effectiveness of noninvasive positive pressure ventilation (NIPPV) in the
treatment of acute respiratory failure (ARF) in severe acute respiratory syndrome (SARS), and
the associated infection risk.

Methods: All patients with the diagnosis of probable SARS admitted to a regional hospital in Hong
Kong from March 9 to April 28, 2003, and who had SARS-related respiratory distress complica-
tions were recruited for NIPPV usage. The health status of all health-care workers working in the
NIPPV wards was closely monitored, and consent was obtained to check serum for coronavirus
serology. Patient outcomes and the risk of SARS transmission to health-care workers were assessed.
Results: NIPPV was applied to 20 patients (11 male patients) with ARF secondary to SARS. Mean age
was 51.4 years, and mean acute physiology and chronic health evaluation II score was 5.35.
Coronavirus serology was positive in 95% (19 of 20 patients). NIPPV was started 9.6 days (mean) from
symptom onset, and mean duration of NIPPV usage was 84.3 h. Endotracheal intubation was avoided
in 14 patients (70%), in whom the length of ICU stay was shorter (3.1 days vs 21.3 days, p < 0.001) and
the chest radiography score within 24 h of NIPPV was lower (15.1 vs 22.5, p = 0.005) compared to
intubated patients. Intubation avoidance was predicted by a marked reduction in respiratory rate (9.2
breaths/min) and supplemental oxygen requirement (3.1 L/min) within 24 h of NIPPV. Complications
were few and reversible. There were no infections among the 105 health-care workers caring for the
patients receiving NIPPV.

Conclusions: NIPPV was effective in the treatment of ARF in the patients with SARS studied, and its
use was safe for health-care workers. (CHEST 2004; 126:845-850)

Key words: acute respiratory failure; endotracheal intubation; infection control; noninvasive positive pressure ventilation;
severe acute respiratory syndrome

Abbreviations: APACHE = acute physiology and chronic health evaluation; ARF = acute respiratory failure; CXR = chest
radiograph; ePAP = expiratory positive airway pressure; iPAP = inspiratory positive airway pressure; NIPPV = noninvasive
positive pressure ventilation; SARS = severe acute respiratory syndrome

S evere acute respiratory syndrome (SARS) was
first defined by the World Health Organization in
mid-March 2003.! It is a highly infectious disease
due to a novel coronavirus, the SARS-associated
coronavirus.>~* Its clinical course can be stormy, with
14 to 25% of cases progressing to acute respiratory
failure (ARF) and requiring endotracheal intubation
and mechanical ventilation.>6 Pathologic findings of
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early SARS are compatible with focal changes of
ARDS.” Noninvasive positive pressure ventilation
(NIPPV) is known to be effective in the treatment of
early ARDS.® Owing to the fear of leakage from the
mask interface with subsequent transmission of
SARS to health-care workers, the rate of NIPPV use
for patients with SARS in Hong Kong was very low,
even though there had been 1,755 infected patient-
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sof whom 15 to 25% would require assisted ventila-
tion or intensive care.> The effectiveness of NIPPV
in patients with SARS has so far not been studied or

For editorial comment see page 670

reported. To avoid the risk of nosocomial pneumonia
in intubated patients, which is of particular relevance
in our patients with SARS because the standardized
treatment routinely used in our hospital contains
high-dose corticosteroids,” we aimed to evaluate the
effectiveness of NIPPV in the early respiratory fail-
ure of SARS. We also aimed to evaluate the infection
risk among health-care workers with direct contact
with patients receiving NIPPV.

MATERIALS AND METHODS

Patients

This was a retrospective study of patients who could fulfil the
latest definitions of probable SARS according to both the World
Health Organization and the Centers for Disease Control and
Prevention,!®!! and had used NIPPV for treatment of ARF
secondary to SARS. All were admitted to Pamela Youde Neth-
ersole Eastern Hospital, Hong Kong, from March 9 to April 28,
2003, and subsequently had complications of SARS-related re-
spiratory failure, to the extent that > 6 L/min of supplemental
oxygen was required to maintain oxygen saturation at 93 to 96%.
All patients were treated with our standard protocol of broad-
spectrum antibiotics, ribavirin, and corticosteroid.® Our 21-day
steroid treatment protocol was as follows: IV methylprednisolone,
1 mg/kg tid for 5 days; then 1 mg/kg bid for 5 days; then oral
prednisolone, 0.5 mg/kg bid for 5 days; then 0.5 mg/kg/d for 3
days; and finally 0.25 mg/kg/d for 3 more days. In case of rapid
clinical and radiologic deterioration, a course of pulsed methyl-
prednisolone, 500 mg bid for 2 days, was administered as rescue

therapy.®

Noninvasive Ventilation Settings

NIPPV was delivered from a bilevel positive airway pressure
system (BiPAP; Respironics; Murrysville, PA) with maximal
positive pressures of 20 cm H,0 or 30 ecm H,0. The spontaneous-
timed mode was used for all patients, with a back-up rate of 12
breaths/min. Inspiratory positive airway pressure (iPAP) was
adjusted to achieve respiratory rates of < 25 breaths/min and
exhaled tidal volumes of at least 6 mL/kg. Expiratory positive
airway pressure (ePAP) was adjusted to achieve target oxygen-
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ation with minimum carbon dioxide rebreathing. In order to
decrease production of droplets, the following three strategies
were implemented: (1) a facial mask was preferred to a nasal
mask to decrease the leakage of air from the mouth; (2) a
Whisper-Swivel II (Respironics) was used as the exhalation
device, because compared with the jet outflow of the Whisper-
Swivel I, its round-the-tube outflow may reduce the chance of
jets of expired air from the patients with SARS contaminating the
environment; and (3) a viral-bacterial filter (Airlife; Allegiance
Healthcare; McGaw Park, IL) was placed before the exhalation
device from March 21, 2003, onwards to decrease the viral
bacterial load to the environment. Oxygen was connected to the
mask, and the fraction of inspired oxygen was estimated from the
oxygen flow rate and minute volume.'13

All patients were maintained continuously on NIPPV for at
least 6 h after initiation. Thereafter, the mask could be removed
for short periods of up to 30 min each for meals and sputum
clearance. Respiratory rate, oxygen saturation, oxygen supple—
ment requirement, and arterial blood gas results were closely
monitored. Intubation was indicated if patients showed respira-
tory distress and/or when the supplemental oxygen requirement
was > 12 L/min to maintain oxygen saturation of 93%. When
improvement in respiratory rate and decrease in oxygen require-
ment were evident, gradual weaning in the daytime followed by
sleeping hours was performed.

Radiologic Studies

All chest radiographs (CXRs) were semiquantified and inde-
pendently scored by two pulmonologists who were blinded to
individual patient’s clinical information. Each lung was separated
into six sections (upper, middle, and lower zones; medial and
lateral divisions), and each section was scored based on a 4-point
scale: 0 = clear, 1 = subtle haziness or mild infiltrates,
2 = ground-glass appearance or prominent infiltrates, and
3 = confluent or dense opacities.”

Infection Control

Because of a possible risk of aerosol generation resulting from
leakage at the mask-face interface during bilevel pressure venti-
lation, stringent infection control measures were implemented.
Patients were cared for in central air-conditioned isolation rooms
in the ICU or in general ward isolation cubicles. Through
installation of exhaust ventilation fans in each area to achieve
negative pressure airflow, air changes were maintained at S/h
initially (before March 18, 2003) and later at > 12/h. Airflow was
directed from the corridors outside the ward through the nursing
station to patient areas and finally out to the atmosphere. Before
mid-April 2003, personal protective equipment for all health-care
workers included surgical or N-95 masks, protective eye wear,
full-face shields, caps, gown with full sleeve coverage, surgical
gloves, and shoe covers. After mid-April 2003, personal protec-
tive equipment during direct contact with patients receiving
NIPPV was upgraded to an Air-Mate HEPA Powered Air
Purifying Respirator System (3M Corporation; St. Paul, MN),
which was recommended by the Centers for Disease Control and
Prevention as an interim domestic infection control for aerosol-
generating procedures on patients with SARS.'* The Air-Mate
HEPA Powered Air Purifying Respirator System is a device with
face piece and hood that filters the surrounding air through a
built-in high-efficiency particulate air filter before supplying to
the user.

The health status of all health-care workers with direct contact
with patients receiving NIPPV was closely monitored. All staff
with fever or respiratory symptoms would be seen by pulmonolo-
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gists, and chest radiography and blood tests would be performed
to exclude SARS. Consent was also obtained to check serum for
coronavirus serology in mid-April, May, or July 2003.

QOutcome Assessment

NIPPV success was defined as follows: (1) the ability to be
weaned from NIPPV for = 24 h, and (2) avoidance of endotra-
cheal intubation secondary to SARS deterioration. Infection
directly attributable to NIPPV was defined as development of
SARS in health-care workers within 10 days of starting to work in
a NIPPV ward.

Data Collection

For patients, the following general data were collected: age,
gender, date of symptom onset, date of hospital admission,
serology result for coronavirus, date of starting steroid and
ribavirin, date of starting pulse steroid, total course of pulsed
steroid given, and underlying illnesses. Data related to NIPPV
included the following: NIPPV starting date; acute physiology
and chronic health evaluation (APACHE) II score; iPAP and
ePAP level used; tidal volume; respiratory rate, oxygen saturation,
supplemental oxygen requirement, and/or arterial blood gas
measurement and blood test results on hospital admission, before
NIPPV, within 24 h of NIPPV, and before removing NIPPV/
intubation; CXR scores; duration of NIPPV usage; ICU and
hospital survival; ICU and hospital stay; and outcome in terms of
intubation status, mortality, and NIPPV-related complications.

Statistical Analysis

All data were expressed as mean + SD unless specified. Cat-
egorical variables were analyzed with x? test. For continuous
variables, all between-subject comparisons were performed with
Mann-Whitney U test, and all within-subject comparisons were
performed with Wilcoxon test. Statistical significance was taken
at p < 0.05.

RESULTS

From March 9, 2003, 90 patients were admitted to
the hospital with probable SARS, of whom 87 pa-
tients (96.7%) had positive serology findings for
SARS-associated coronavirus. NIPPV was used in 23
episodes for 22 patients. Three episodes were ex-
cluded from analysis because NIPPV was used for
treatment of acute pulmonary edema (two episodes)
and for weaning after extubation (one episode). Of
the remaining 20 episodes in the 20 recruited pa-
tients (11 men), the mean age was 51.4 = 14.2 years.
Seven patients had underlying comorbidities singly
or in combination: diabetes mellitus (n = 5), hyper-
tension (n = 3), and ischemic heart disease (n = 1).
Nineteen patients (95%) had fourfold or greater rises
in antibody titer to the SARS-associated coronavirus.
Demographic, physiologic, and blood test results for
these 20 patients on hospital admission are shown in
Table 1. The timing of starting ribavirin and steroid,
pulsed methylprednisolone, and NIPPV treatment
were 7.2 £ 8.3 days, 8.7 £ 2.4 days, and 9.6 £ 4.0
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Table 1—Demographics, Physiology, and Blood Test
Results for the 20 Patients on Hospital Admission*

Variables Data
Age, yr 51.4* 142
Male/female gender, No. 11/9
Presence of comorbidities, No. 7
Temperature, °C 382+ 1.1
Respiratory rate, breaths/min 193 £ 1.3
CXR score 9.8 6.9
Hemoglobin, g/dL 13.0 £ 1.7
Neutrophil, 10%/L 46 * 1.7
Lymphocytes, 10%/L 0.81 = 0.43
Platelets, 101 158 + 43
ALT, IU/L 40 + 33
CK, IU/L 530 * 867
LDH, IU/L 326 *+ 152

*Data are presented as mean = SD unless otherwise indicated.
ALT = alanine aminotransferase; CK = creatine kinase; LDH =
lactate dehydrogenase.

days, respectively, from symptom onset. Average
respiratory rate before NIPPV was 28.9 * 6.2
breaths/min with supplemental oxygen of 8.0 = 3.1
L/min to maintain an oxygen saturation of 93.1 =
5.0%. Because of the sudden onset and rapid rate of
respiratory deterioration in many patients, pre-
NIPPV arterial blood gas results were available in
only nine patients, with average Pao/fraction of
inspired oxygen being 18.3 = 6.9 kPa (137.5 * 51.6
mm Hg) and Paco, of 4.5 = 0.62 kPa (33.9 + 4.6
mm Hg). Intubation was avoided in 14 patients.
NIPPV was not successful in six patients, and they
required endotracheal intubation.

CXR scores before NIPPV were 16.4 *+ 6.7 and
21.5 * 4.3, respectively (p = 0.153), in the success
and failure groups. The mean CXR score within 1
day after NIPPV was significantly higher for the
failure group (22.5 + 3.3 vs 15.1 £ 6.0, p = 0.005).
All patients received at least one course of pulsed
methylprednisolone (2 g), with two courses being
administered to three patients in whom NIPPV
failed. Success was predicted by a marked and
statistically significant reduction in respiratory rate
and supplemental oxygen requirement within 24 h
and at the end of NIPPV (Fig 1).

Overall mean duration of NIPPV usage was
84.3 =47.0 h, and mean durations of ICU and
hospital stay were 8.6 = 14.0 days and 33.7 = 13.5
days, respectively. Analyses of clinical outcome and
laboratory results between the success and failure
groups are shown in Table 2. ICU stay for the
success group was significantly shorter than the
failure group (3.1 = 2.1 days vs 21.3 = 21.2 days,
p < 0.001). Two elderly patients (aged 66 years and
72 years) with comorbidities (diabetes mellitus and
hypertension) could be totally weaned from NIPPV,
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FIGURE 1. Respiratory parameters during the course of NIPPV. Difference between respiratory rate
at 24 h and baseline: nonintubated, — 9.2 * 4.0; intubated, 4.0 = 13/3 (p = 0.026). Difference
between oxygen supplement requirement at 24 h and baseline: nonintubated, — 3.1 * 2.5; intubated,

—02*22 (p=0.012). LPM = liters per minute.

but later had fatal acute myocardial infarction and
acute ischemic stroke, respectively. A third fatality
occurred in another elderly (aged 74 years) with
ventilator-associated pneumonia.

NIPPV was complicated in four patients by pneu-
mothorax (n = 1), pneumomediastinum (n = 1),
nosocomial pneumonia (n = 1), and pneumomedias-
tinum plus nosocomial pneumonia (n = 1). All re-
covered without major consequences. The overall
incidence of nosocomial pneumonia was 2 of 20
patients (10%) during NIPPV usage, while the
nosocomial pneumonia rate for the intubated group
was 2 of 6 patients (33.3%) during mechanical
ventilation.

Infection Risk

One hundred five health-care workers, including
doctors, nurses, and health-care assistants, had taken
care of patients receiving NIPPV. None had ac-
quired SARS from the patients. One hundred two
health-care workers (97.1%) consented to have se-
rum checked for coronavirus serology, and none
showed evidence of coronavirus infection.

DI1SCUSSION

Progression of SARS to ARF is common. Most
patients with SARS and ARF were treated with
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endotracheal intubation and mechanical ventila-
tion.>6 In the present series, NIPPV was effective in
preventing endotracheal intubation in 70% (14 of 20
patients). The efficacy of NIPPV may be attributed
to early recruitment of the collapsed alveoli and
resting of respiratory muscles while waiting for the
action of pulsed corticosteroids to take effect. Since
our patients who responded to NIPPV did so within
24 h, patients who would eventually need endotra-
cheal intubation may thus be potentially identified
early in the course of treatment. This finding is
similar to the results of the use of NIPPV in other
forms of ARF.15

All three deaths in our series occurred in the
elderly, with two patients having underlying comor-
bidities. This is similar to the higher mortality rates
of SARS in such patients in Hong Kong (daily press
briefing, May 8, 2003; Department of Health and
Hospital Authority, Hong Kong). The overall intuba-
tion and mortality rates in our 90 patients with SARS
were 10% and 4.4%, respectively. Our comparatively
lower mortality rate'® may partly be explained by the
use of NIPPV, which may reduce the need for
emergency intubation and intensive care admission
when applied early to patients with SARS and severe
acute hypoxemic respiratory failure.

Since a severe outbreak of SARS in another Hong
Kong hospital was attributed to the use of nebulized
treatment in a patients with SARS,> whether or not
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Table 2—Univariate Analysis of Clinical Data and
Laboratory Variables Before NIPPV in Relation to
Clinical Outcome*

Failure
(n =6)

Success

Variables (n = 14) p Value

Age, yr 542 +11.8 448 =182 0.353
Presence of comorbidities, No. 6 1 0.260

Corticosteroid plus ribavirin 84 +97 43+19 0.109
starting date, d
Pulse steroid starting date, d 8.9*+24 8.0 =26 0.494
NIPPV starting date, d 9.6 + 3.8 9.3+49 0.602
APACHE II score 52+ 32 57+23 0.718
Risk of death, % 6.5 = 3.1 6.6 £ 2.1 0.511
CXR score 16.4 = 6.7 21.5+43 0.153
iPAP, cm H,0 12.1 £2.0 112+ 1.0 0.397
ePAP, cm H,0O 76 21 65+ 14 0.207
Tidal volume, mI/kg 83+28 76+ 34 0.718

Duration of NIPPV, h 835376 86.2=*685 0904
ICU stay, d 3.1+21 21.3 = 21.2 < 0.001
Hospital stay, d 206 +79 433193  0.062
Mortality, No. 2 1 0.891
Hemoglobin, g/dL 120*x15 123=*13 0.491
Neutrophils, 10%/L 10.2 = 6.1 109 = 3.0 0.190

Lymphocytes, 107/L 043022 055030 0202

Platelets, 10%/L 223 £102 221 =81 0.863
ALT, TU/L 58 £ 55 56 = 50 0.906
CK, IU/L 512 = 1,018 335 *+ 431 0.310
LDH, IU/L 416 =165 497 = 179 0.815

*Data are presented as mean = SD unless otherwise indicated.
Success = off NIPPV for = 24 h and no endotracheal intubation.
Failure = failed NIPPV and required endotracheal intubation. See
Table 1 for expansion of abbreviations.

NIPPV use in patients with SARS poses a similar
infection risk remains a controversial issue. Based on
our prior experience with NIPPV in ARF,! and the
safety and efficacy in its early use in a negative
pressure environment,® we continued to utilize this
treatment modality with strict enforcement of per-
sonal protection measures and close monitoring of
health status of all involved staff. The subsequent
successful sourcing and additional use of an expira-
tory viral and bacterial filter might also have contrib-
uted to prevention of staff infection. We hope that
our experience could alleviate the anxiety of all
health-care workers caring for patients with SARS,
such that patients would not be deprived of NIPPV
as an important modality of assisted ventilation.

Comparing with previous experiences with
NIPPV,!5.17%.18 major complication rates (barotrauma
and nosocomial pneumonia) were relatively high in
our patients with SARS. While nosocomial pneumo-
nia can be explained by the use of high-dose corti-
costeroids, barotrauma may or may not be related to
NIPPV since spontaneous pneumothorax or pneu-
momediastinum without ventilation were seen in six
of our patients, as well as in 12% in another series
from Hong Kong .19
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Our study is limited by the lack of a control group,
and its retrospective nature. These problems were
difficult to avoid in a rapid outbreak of an unknown
disease. At the time of our planned randomized
control study on NIPPV and endotracheal intubation
in late April, SARS was already dying down in Hong
Kong, and our last patient with SARS was clinically
confirmed on April 28, 2003. To validate the effec-
tiveness of NIPPV in SARS-related ARF, larger-
scale prospective randomized control studies can be
considered in the next outbreak. Our study also
suffers from the low availability of pre-NIPPV blood
gas results, which in conjunction with lack of multi-
organ failure led to low APACHE II scores. How-
ever, the progression of respiratory failure was so fast
that treatment decisions took precedence over blood
work in this very infectious condition. From the level
of oxygen requirement and corresponding oxygen
saturation, all patients without blood gas data could
fulfil the criteria for type 1 respiratory failure. Our
study is also limited by the incomplete coronavirus
serology for the 105 health-care workers, as three of
the health-care workers refused to give consent for

blood taking.

CONCLUSION

NIPPV was an effective and safe treatment mo-
dality for the patients with SARS and ARF in this
study. Use of NIPPV in a negative pressure environ-
ment was also safe for health-care workers equipped
with the appropriate personal protective equipment.
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